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ABSTRACT
We present an analysis of archival Chandra and XMM-Newton observations of the
magnetically-active cataclysmic variable DQHer and the shell around it ejected in a nova
event in 1934. A careful revision of the Chandra observations confirms previous claims on the
presence of extended X-ray emission around DQHer and reveals that it actually corresponds
to a bipolar jet-like structure extending '32′′ along a direction from NE to SW. Therefore,
this X-ray emission extends beyond the optical nova shell and is perpendicular to its major
axis. The XMM-Newton observations confirm the presence of the extended X-ray emission
detected byChandra, suggesting the additional presence of a diffuse X-ray emission from a hot
bubble filling the nova shell. This hot bubble was very likely produced by the explosion that
created the nebular shell detected in optical images. The bipolar feature can be modelled by the
combination of an optically thin plasma emission component with temperature T ≈ 2× 106 K
and a power law component with a photon index of Γ = 1.1 ± 0.9. Its X-ray luminosity in the
0.3–5 keV energy range is LX = (2.1± 1.3) × 1029 erg s−1, for an electron density ne ≈ 2 cm−3
and a mass mX ≈ 3 × 10−6 M. We suggest that the X-ray bipolar structure in DQHer is a jet
and interpret its non-thermal X-ray emission in terms of a magnetized jet.
Key words: stars: evolution — stars: dwarf novae — (stars:) novae, cataclysmic variables —
X-rays: individual: DQHer
1 INTRODUCTION
The detection of extended X-ray emission from classical novae
(CNe) has proven to be rare. Thorough archival studies searching
for diffuse X-ray emission from nova shells have been presented in
the past (e.g., Orio et al. 2001; Balman 2006), but there is only a
handful number of novae with reported extended X-ray emission.
The first detection of extended X-ray emission in a CN was
obtained for GKPer using ROSAT PSPC observations (Balman, &
Ögelman 1999). Subsequent observations ofGKPer by theChandra
X-ray observatory (Balman 2005) demonstrated that its extended
X-ray emission can be described by a non-equilibrium thermal
plasma component with additional synchrotron emission. With a
total energy ∼10−7 times that of a classic supernova explosions
(∼1051 erg s−1), the diffuse X-ray emission from GKPer is a scaled
down version of those events. More recent Chandra observations
showed that the X-ray brightness of GKPer declines with time as a
result of its expansion (Takei et al. 2015), implying that the diffuse
X-ray emission from CNe is short-lived. The dramatic morphologi-
? E-mail: j.toala@irya.unam.mx
cal and spectral variations of its X-ray emission revealed by Sukaku
observations probe the interactions of this nova remnant through its
complex circumstellar medium (Yuasa et al. 2016).
Extended X-ray emission has also been reported in Chandra
observations of RRPic (Balman, & Küpcü-Yoldas, 2004), although
the marginal detection (∼60 photons) makes difficult an assessment
of the spatial correlation of the extended X-ray emission with the
optical nova shell (see figure 1 inBalman 2006).Marginal detections
of extendedX-ray emission have been claimed for the recurrent nova
T Pyx (Balman 2014) and the cataclysmic variable (CV) DKLac
(Takei et al. 2013), but the former has been questioned (Montez et
al. 2012). Finally, an extended 1.′′2 jet-like feature in the soft (0.3–
0.8 keV) energy band has been reported in Chandra observations
of the recurrent nova RSOph (Luna et al. 2009). The orientation
of this extended X-ray emission is consistent with the radio and IR
emission from the ring of synchrotron-emitting plasma associated
with the most recent blast wave (Chesneau et al. 2007).
In this work we focus on the extended X-ray emission from
DQHer, a slow nova from a CV system that experienced an outburst
on December 1934 and ejected a nova shell with a present angular
size of 32′′×24′′ (Santamaría et al. 2020). This classical nova was
© 2018 The Authors
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not initially detected by Einstein (Cordova et al. 1981), but Silber et
al. (1996) reported its detection in ROSAT Position Sensitive Pro-
portional Counters (PSPC) observationswith anX-ray luminosity in
the 0.1–2.0 keV energy range of 4×1030 erg s−1. The low number of
photons detected in these observations precluded at that time a de-
tailed characterization of the X-ray properties from DQHer. Higher
quality Chandra Advanced CCD Imaging Spectrometer (ACIS)-S
observations were used by Mukai et al. (2003) to study the spectral
properties and time variation of the X-ray-emitting, magnetically-
active progenitor star of DQHer (e.g., Walker 1956). Mukai et al.
(2003) found that the best-fit model to the X-ray spectrum of the
progenitor star of DQHer is composed by an optically-thin plasma
emission model plus a power-law, the latter component in line with
the magnetic field of DQHer. Furthermore, their analysis of radial
profiles of the X-ray emission hinted at the presence of extended X-
ray emission with energies below 0.8 keV at distances up to ∼ 10′′
from DQHer that they associated with individual clumps in the
nova shell.
We present here a joint analysis of archival XMM-Newton Eu-
ropean Photon Imaging Camera (EPIC) observations and revisit
the Chandra ACIS-S observations of DQHer. The combination of
both archival data confirms that the extended X-ray emission from
DQHer is indeed real and originates from emission filling the nova
shell and a bipolar (jet-like) feature. This paper is organised as fol-
lows. In Section 2 we describe the observations analysed here. The
results of the imaging and spectral analyses are presented in Sec-
tion 3 and 4, respectively. A discussion of our results is presented
in Section 5 and a summary in Section 6.
2 OBSERVATIONS AND DATA PREPARATION
2.1 Chandra Observations
DQHer was observed by the Chandra X-ray Observatory with a
total exposure time of 70 ks split into two observations performed
on 2001 July 26 and 29. The back-illuminated S3 CCD on the
ACIS-S was used for these observations (Obs. ID. 1899 and 2503,
PI: K.Mukai). The ACIS-S data were reprocessed with theChandra
Interactive Analysis of Observations (ciao) software (version 4.11;
Fruscione et al. 2006). After combining the data and excising high-
background and dead periods of time, the net exposure time was
68 ks. X-ray images of DQHer obtained after combining the two
data sets are presented in Figure 1.
The processed event Chandra image of DQHer in the 0.3–5.0
keV energy range (Fig. 1 - top) undoubtedly shows that the central
star is a point-source of X-ray emission. To unveil the true extension
of the diffuse X-ray emission in DQHer, we created a smoothed
image in the 0.3–5.0 keV energy range using the ciao task csmooth.
The smoothing process was performed using a Gaussian kernel
and a fast-Fourier transform (FFT) convolution method. Regions
in the event file above 3σ-confidence levels remained unsmoothed,
preventing the emission from the central star to be highly smoothed.
The resultant image is shown in the bottom panel of Figure 1, where
a highly elongated extended emission along the NE-SW direction is
clearly shown. Alternatively, we used the suiteMARX 5.5.0 (Davis
et al. 2012) to model the Chandra point spread function (PSF) of
a point-source with the spectral properties of the central star of
DQHer (as described by Mukai et al. 2003, but see also section 4.1
below). The comparison of this synthetic X-ray point-source with
the image of DQHer confirms the presence and extent of this diffuse
emission.
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Figure 1. Chandra ACIS-S images of DQHer. Top panel: An image of the
event file using the natural 0.′′5 in size ACIS-S pixel. Bottom: Adaptively
smoothed image of the extended X-ray emission in DQHer detected by
Chandra. Both images were obtained in the 0.3–5.0 keV energy range. The
dashed ellipse shows the extent of the optical nebula as presented in Figure 3.
TheChandra spectra of the central star and that of the extended
emission were extracted separately from each ACIS observations
using the ciao task specextract, which produces the corresponding
calibration matrices. The spectra and calibrations matrices from
different data sets were subsequently merged using the ciao task
combine_spectra. The spectrum of the central star of DQHer was
extracted from a circular aperture with radius of 2′′ and that of the
extendedX-ray emission froman elliptical aperturewith semi-minor
and major axes 10′′ and 18′′ encompassing the emission detected in
the bottom panel of Figure 1. The emission from the central source
was excised from the latter. The background was extracted from
a region without contribution from extended emission nor point
sources. The net count rates in the 0.3–5.0 keV energy range are
22.6 counts ks−1 for the central star and 1.32 counts ks−1 for the
extended emission for total count numbers '1,500 and '90 counts,
respectively.
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Figure 2. XMM-Newton EPIC (pn+MOS1+MOS2) images of DQHer. The bottom right panel shows a colour-composite image obtained by combining the
other three panels. Red, green and blue correspond to the soft, medium and hard bands. The extension of the nebular remnant detected in optical observations
(see Fig. 3) is shown with an elliptical dashed-line region. The suggested bipolar structure is shown with arrows.
2.2 XMM-Newton Observations
DQHer was observed by XMM-Newton on 2017 April 19 with
the three EPIC cameras for a total exposure time of 41.9 ks (PI:
H.Worpel; Obs. ID.: 0804111201). The EPIC pn,MOS1 andMOS2
cameras were operated in the Full FrameMode with the thin optical
blocking filter. The individual observing times for the pn, MOS1,
MOS2, and pn cameras were 39.0 ks, 40.6 ks, and 40.5 ks, re-
spectively. The XMM-Newton data were processed with the Science
Analysis Software (sas; version 17.0), using the epproc and emproc
SAS tasks to apply the most recent calibrations available on Febru-
ary 2020. After excising periods of high background, the total useful
time of the pn, MOS1 and MOS2 cameras were 15.2 ks, 25.4 ks
and 26.2 ks, respectively.
We used the Extended Source Analysis Software (esas) tasks
to map the distribution of the X-ray-emitting gas in DQHer.
Background-subtracted, exposure-corrected EPIC pn, MOS1, and
MOS2 images were created and merged. EPIC images in the soft
0.3–0.7 keV, medium 0.7–1.2 keV, and hard 1.2–5.0 keV energy
bands were created. The individual images and a colour-composite
X-ray picture are presented in Figure 2.
Spectra and their corresponding associated callibration ma-
trices were obtained from a circular aperture with radius of 24′′
centered on the central star of DQHer using the evselect, arfgen
and rmfgen sas tasks. Due to the lower spatial resolution of the
EPIC cameras compared to that of ACIS-S, the contribution from
the central star cannot be properly resolved from that of the ex-
tended X-ray emission. Therefore, the EPIC spectra encompass the
emission from both the point-source and extended component of
DQHer. The net count rates of the pn, MOS1 and MOS1 cam-
eras are 41.9 counts ks−1, 8.4 counts ks−1, and 11.6 counts ks−1,
respectively.
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Halpha, [N II], XMM-Newton (0.3 - 0.7 keV)
20"
2017
Halpha, Chandra (0.3 -  5.0 keV)
20"
2001
Figure 3. Comparison between the optical emission from DQHer and the X-ray observations obtained with Chandra (left) and XMM-Newton (right). The
nebular images from 2017 were obtained at the NOT and the corresponding Hα 2001 image was obtained by expanding a WHT from 1997 by 6% according
to Santamaría et al. (2020) (see Section 3 for details).
3 EXTENDED X-RAY EMISSION FROM DQHER
TheChandraACIS-S images presented in Figure 1 clearly confirms
the presence of extended emission as previously reported by Mukai
et al. (2003). More importantly, the X-ray image in the bottom panel
of this figure shows that this emission has a bipolar, jet-like shape
'16′′ wide and '32′′ long in the NE to SW direction (PA≈45◦).
The direction of this bipolar feature is orthogonal to the apparent
semi-major axis of the nebula. The Chandra X-ray image shows
that the bipolar feature presents hints of an S-shape, more clearly
seen in its SW section.
The XMM-Newton EPIC images presented in Figure 2 also
show extended X-ray emission. The images in the three X-ray bands
present a peak at the location of the central star of DQHer, as well
as extended emission that, depending on the X-ray band, uncover
different features. The soft (0.3–0.7 keV) EPIC X-ray image (Fig. 2
top left) is indicative of a bipolar morphology protruding from
the central star and extending towards the NE and SW directions,
very similar to that of the extended X-ray emission detected in the
Chandra images. The diffuse emission detected in themedium (0.7–
1.2 keV)EPICX-ray band (Fig. 2 - top right) also extends towards the
NE and SW regions, but this component is not spatially coincident
with the bipolar features detected in the soft band. Instead, it seems
to surround the soft emission. Finally, the spatial distribution of
the emission in the hard (1.2–5.0 keV) EPIC X-ray band is more
centrally-concentrated than in the other two EPIC bands (see Fig. 2
- bottom left) and is basically consistent with a point-source with
some contribution to the extended emission.All these characteristics
are illustrated in the colour-composite X-ray picture presented in the
bottom right panel of Figure 2.
To further peer into the spatial distribution of the X-ray-
emitting material in DQHer, we show in Figure 3 a comparison
between the X-ray and narrowband optical images. As noted by
Santamaría et al. (2020), DQHer has an angular expansion rate
sufficiently large (0.′′188 yr−1 along its major axis) to result in a
noticeable angular expansion within a few years. To produce con-
sistent comparisons between the optical nebular remnant and the
X-ray images, optical images obtained at similar epochs than those
of the X-ray images have to be used. For comparison with theChan-
dra images, the closest contemporary available image of DQHer
is an Hα image taken at the William Herschel Telescope (WHT,
La Palma, Spain) on 1997 October 25, i.e., about 4 years before
the X-ray observation. An expansion factor of 6% was applied to
this optical image, following the expansion rate reported by Santa-
maría et al. (2020), to produce a synthetic 2001 Hα image suitable
for comparison with the Chandra X-ray image (Fig. 3 - left). For
comparison with the XMM-Newton images, we used Hα and [N ii]
images obtained at the Nordic Optical Telescope (NOT, La Palma,
Spain) on 2017 May 27, just about one month after the X-ray ob-
servation (Fig. 3 - right). The inspection of the pictures in Figure 3
clearly reveals that the bipolar jet-like feature extends beyond the
optical nebula and is oriented along its minor axis.
4 SPECTRAL ANALYSIS
The superb angular resolution of the Chandra ACIS camera has
allowed us to extract individual spectra for the point source and
extended X-ray emission from DQHer (Fig. 4-top left and right,
respectively). These ACIS spectra reveal remarkable spectral dif-
ferences between the central and the diffuse emission, as illustrated
in the bottom-left panel of Figure 4, regardless of the lower qual-
ity of the spectrum of the diffuse component. As shown by Mukai
et al. (2003), the spectrum of the star peaks between 0.8–1.0 keV,
with some contribution to the soft energy range below 0.7 keV. The
spectrum then declines for energies above 1.0 keV showing the con-
tribution from some spectral line very likely the Sixiii at 1.8 keV.
On the other hand, the spectrum of the extended emission peaks at
softer energies, .0.6 keV, declining towards higher energies, with
hints of the presence of spectral lines at 0.9 keV and 1.4 keV. The
former could be attributed to the Ovii triplet at 0.58 keV, the Fe
complex at ≈0.8 KeV, and the Ne ix lines at 0.9 keV, and the latter
to Mgxi at 1.4 keV.
In the following we present the details of the spectral analysis
of theChandraACIS-S and XMM-Newton EPIC spectra of DQHer.
The parameters of the best-fit models for the different spectra as well
as their significance are listed in Figure 4 are listed in Table 1.
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Figure 4. Background-subtracted spectra of DQHer. The top panels show the Chandra ACIS spectra of the point-source (left) and diffuse emission (right).
The two spectra are shown together in the bottom-left panel, where the emission from the diffuse component has been scaled for an easy comparison. The
bottom-right panel presents the XMM-Newton EPIC spectra of DQHer, with different symbols and colours for the spectra extracted from different EPIC
cameras. In all panels the solid lines represent the best-fit model to the data, while the dotted and dashed lines show the contribution of apec and non-thermal
power-law components, respectively.
4.1 X-rays from DQHer
Following Mukai et al. (2003) we fitted a two-component model to
theChandraACIS-S spectra of the central star of DQHer consisting
of an optically-thin apec emission model and a power-law compo-
nent. The former component can be attributed to a hot plasma and
the latter to non-thermal synchrotron emission. Our best fit model,
which is presented in the left panel of Figure 4 in comparison with
theACIS-S spectrum, has parameters consistent with those obtained
byMukai et al. (2003) (see Table 1). The non-thermal emission with
a power-law index of Γ = 2.45 dominates in the soft energy range
below 0.7 keV and above 1.0 keV, with a contribution '43% to
the total intrinsic flux. The intrinsic flux of DQHer is found to be
FX = (9.4 ± 1.2) × 10−14 erg s−1 cm−2, implying a luminosity
LX = (2.8± 0.4) × 1030 erg s−1 at a distance of 501±6 pc (Schaefer
2018).
4.2 Extended X-ray emission
The spectrum of the extended bipolar X-ray emission detected in
the Chandra ACIS-S observations was initially fitted by a single
optically thin apec emission model, but resulted in a poor quality fit
with χ2/DoF=1.60. A power-law model results in an even worse fit
(χ2/DoF>2.4), whereas a two-temperature plasma emission model
does not improve the fit (χ2/DoF=1.60), as it is not able to appropri-
ately fit the spectrum for energies above 2 keV. The best-fit model is
achieved by using a similar model as that for the central star, that is, a
plasma emission model plus a non-thermal power-law. This best-fit,
whose parameters are listed in Table 1, is shown in the middle panel
of Figure 4 in comparison with the ACIS-S spectrum. This panel
shows that the apec component dominates the emission for energies
below 1.0 keV and the power-law component for greater energies.
Indeed, the non-thermal component contributes to 40% of the total
unabsorbed flux for the 0.3–5.0 keV energy range, but the optically-
thin plasma component contributes to 75% of the flux for energies
between 0.3 and 1 keV. The luminosity of the extended bipolar emis-
sion detected in Chandra is LX,diff = (2.1 ± 1.3) × 1029 erg s−1.
To estimate an electron density for the extendedX-ray emission
we used the definition of the normalization parameter (see Table 1)
adopting an ellipsoidal morphology with semi-axes of 8′′, 8′′ and
16′′. The electron density of the bipolar emission is estimated to be
ne ≈ 2 cm−3, which corresponds to a mass of the X-ray-emitting
MNRAS 000, 1–?? (2018)
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Table 1. Details of the spectral modelling of the X-ray observations of DQHer.
Instrument NH kT Ab1 Γ A
b
2 f
c
X F
c
X F2/FdX χ2/DoF
(1020 cm−2) (keV) (10−5 cm−5) (10−5 cm−5) (cgs) (cgs)
DQHer ACIS-S 3.4±2.0 0.77+0.05−0.05 1.33 2.45+0.50−0.40 1.05 8.00±1.10 9.40±1.20 0.43 1.12
Extended ACIS-S 1.8±0.2 0.18+0.05−0.07 0.26 1.10+0.09−0.09 0.04 0.64±0.41 0.70±0.47 0.40 1.16
DQHer+Extended EPIC-pn 3.4 0.78+0.06−0.07 1.15 2.34
+0.25
−0.21 1.20 7.60±1.10 8.90±1.00 0.60 1.08
DQHer+Extended EPIC(pn+MOS)a 3.4 0.77+0.04−0.05 1.20 2.37
+0.20
−0.20 1.20 7.60±1.10 8.90±0.90 0.60 0.90
aJoint model fit of the EPIC pn, MOS1 and MOS2 spectra.
bThe normalization parameter is defined as A ≈ 10−14
∫
n2edV/4pid2, where ne and d are the electron number density and the distance, respectively.
c The fluxes are computed for the 0.3–5 keV energy range and are presented in 10−14 erg s−1 cm−2 units.
dThe F2/FX ratio represents the contribution from the power-law component to the total flux.
material ≈ 3×10−6 M , well below the typical mass ejecta of nova
events (e.g., Gehrz et al. 1998; Della Valle & Izzo 2020) and the
ionised mass of DQHer (2.3×10−4 M; Santamaría et al. 2020).
4.3 The XMM-Newton Spectra
Due to the large PSF of the EPIC cameras it is not possible to
extract independent spectra for the central star and extended X-ray
emission of DQHer. The three EPIC spectra are shown in the right
panel of Figure 4. Similarly to the Chandra ACIS spectrum, the
XMM-Newton EPIC spectra of DQHer show a main peak for ener-
gies around 0.8–1.0 keV with a secondary contribution for energies
below 0.7 keV. In addition, these spectra show some contribution
from the Nvi triplet at 0.43 keV that is not detected in the Chandra
spectrum due to its lower sensitivity at softer energies.
We first modelled the EPIC-pn spectrum of DQHer because of
its larger count rate than that of the MOS cameras (see Section 2).
For simplicity, we fixed the column density value to that obtained
to the best-fit model to the ACIS-S data (NH = 3.4 × 1020 cm−2)
and adopted a similar model consisting of an apec plasma emission
model for hot gas and a power-law component for non-thermal
emission. The best-fit model is consistent with that obtained for
the Chandra ACIS-S spectrum of the central star of DQHer (see
Table 1). The total luminosity in this model is LX = (2.7 ± 0.3) ×
1030 erg s−1, with the power-law component contributing 60% to
the total intrinsic flux. Models simultaneously fitting the three EPIC
spectra resulted in very similar best-fit parameters (Table 1).
5 DISCUSSION
The spatial and spectral analyses of the Chandra and XMM-Newton
observations of DQHer presented in Sections 3 and 4 reveal the
presence of diffuse X-ray emission with spectral properties differing
from those of the central star. Owing to its better angular resolution,
∼1′′ at .1 keV, Chandra resolves more clearly the morphology of
this emission, which is found to be elongated, extending≈32′′ along
the NE-SW direction at PA≈ 45◦ (Fig 1 and Fig. 3 - left) with a
subtle S-shape. Contrary toMukai et al. (2003)’s interpretation, this
emission is not associated with any specific clump in the nebular
remnant, but it extends beyond the optical nova shell along its minor
axis.
This morphology is confirmed in the XMM-Newton images
presented in Figures 2 and 3 right panel, although at a coarse an-
gular resolution (∼ 6′′ at .1 keV). The misalignment of the arrows
marking the tips of the elongated structure in Figure 3 bottom right
panel is indeed consistent with its S-shape in the Chandra images.
In addition, the XMM-Newton EPIC image in the soft band is sug-
gestive of extended X-ray emission filling the nova shell around
DQHer.
The extended emission in the soft XMM-Newton image can
be attributed to thermal emission from hot plasma produced by the
nova explosion, an adiabatically-shocked hot bubble homologous
to supernova explosions. This hot bubble would be spatially coin-
cident with the nebular remnant with no contribution to the bipolar
structure detected in X-rays. On the other hand, the origin of the
bipolar structure is intriguing. It cannot be attributed to hot gas
escaping the nova shell, because its non-thermal component is not
expected from shock-heated plasma inside a hot bubble and because
it projects along the minor axis of the nova shell whilst the shell is
disrupted along its major axis at PA=−45◦ (Vaytet et al. 2007).
The production of the bipolar X-ray emission in DQHer
could be argued to be at the origin of the nova explosion. Three-
dimensional numerical simulations tailored to similar events, such
as outbursts in symbiotic stars (see, e.g., Walder et al. 2008; Or-
lando et al. 2017), might help interpreting the bipolar X-ray feature
in DQHer. In particular, the simulations presented in Orlando et
al. (2017) to model the X-ray emission from the symbiotic star
V745 Sco only 17 days after its outburst are able to produce bipolar
ejections of X-ray-emitting gas. This X-ray emission arises from
a non-isotropic blast wave produced instantaneously at the nova
event. Its emission would then be thermal, with physical conditions
at early times similar to those of the thermal component of the
jet-like feature of DQHer. However, the non-thermal emission and
continuous collimation of the jet in DQHer, ∼80 yr after the nova
event (Santamaría et al. 2020), make these models unsuitable for
the case of DQHer.
It is interesting to note that the CV at the center of DQHer
belongs to the class of magnetically active intermediate polars (IP)
exhibiting strong magnetic fields of the order of 1–10 MG (see Bar-
rett et al. 2017, and references therein), which results in the presence
of a truncated accretion disk. Indeed Mukai et al. (2003) suggested
that the X-ray emission from DQHer is produced by scattered X-
ray photons due to the presence of an accretion disk wind making
it an unusual IP system. Furthermore, spectral mapping of DQHer
has revealed that the material in the disk is spiraling-in (Saito et
al. 2010). Thus, we suggest that the elongated structure of DQHer
could be interpreted as a magnetized jet produced by hoop stress at
the inner regions of the accretion disk as it is threaded by the ver-
tical magnetic field (Livio 1997). In this scenario, which has been
proven feasible in stellar systems, such as the case of the proto-
stellar object HH80 (Carrasco-González et al. 2010), the jet would
be continuously fed by material falling into the accretion disk and
then ejected by the hoop stress. The non-thermal X-ray emission
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Extended X-rays from DQ Her 7
from the bipolar feature in DQHer seems to support this scenario.
Non-thermal radio emission would lend additional support, as typ-
ically found in jets of symbiotic stars (e.g., CHCyg; Karovska et al.
2010). However, an inspection of Jansky Very Large Array (JVLA)
observations of DQHer discloses the lack of radio emission from
either the central source or an extended component (see Barrett et
al. 2017). We note that the synchrotron radiation from relativistic
electrons close to the accreting white dwarf in CVs (Chanmugam
& Dulk 1982) has been found to be highly variable, as it is the case
of the central source of DQHer (Pavelin et al. 1994).
The disk+jet phenomenon is found in a variety of astrophysi-
cal systems, from protostellar and young stellar objects (Carrasco-
González et al. 2010, 2012), evolved low-mass stars (Sahai et al.
1998), and massive X-ray binaries (van Kerkwijk et al. 1992) to
AGNs (Alonso-Herrero et al. 2018). White dwarfs can act as the
compact object for jet collimation, and indeed disk+jet systems have
been found in symbiotic stars in which a white dwarf accretes mate-
rial from a main sequence or red giant companion, for example, the
well-studied RAqr (Ramstedt et al. 2018; Schmid et al. 2018; Mel-
nikov et al. 2018) or MCW560 (Stute & Sahai 2009). On the other
hand, the conspicuous absence of jets in CVs has been explained in
terms of the particular physical conditions in these systems (Soker&
Lasota 2004), although recent observational and theoretical results
have found some evidence for transient jets (Coppejans & Knigge
2020).
As for nova shells, Shara et al. (2012) suggested that an elon-
gated structure towards the NE region of GKPer was a jet, but
Harvey et al. (2016) demonstrated that it is not dynamically related
and it has a low velocity. This leaves us only with the claims of jet-
like structures in RSOph andM31N 2008-12a, two recurrent novae.
The presence of a jet in RSOph is suggested by a jet-like morpho-
logical feature with an extent ∼ 1′′ discovered in Chandra X-ray
observations (Luna et al. 2009). Meanwhile, the presence of a jet in
M31N 2008-12a is supported by high-velocity ∼4600±600 km s−1
features detected inHubble Space Telescope (HST) Space Telescope
Imaging Spectrograph (STIS) spectra (Darnley et al. 2017), which
are interpreted as an ejecta expanding in the direction close to the
line of sight (see also Darnley et al. 2016, and references therein).
Since the jet in RSOph has an X-ray extent close to Chandra’s PSF
and that of M31N 2008-12a is only detected kinematically, DQHer
presents the best case for the detection of a resolved X-ray jet in a
nova shell. We remark that, unlike RSOph and M31N 2008-12a,
which are recurrent novae, the nova shell of DQHer is associated
with a CV.
6 SUMMARY
We have presented the analysis of archival Chandra ACIS-S and
XMM-Newton EPIC observations of the CV DQHer. Our analysis
has shown the presence of diffuse emission with a bipolar, jet-like
morphology that extends up to distances 16′′ from the progenitor
star along the minor axis of the nova shell, thus protruding away
from the nova shell.
We have also shown that the XMM-Newton soft band image
traces emission both from the jet and from a hot bubble filling
the nebula around DQHer. The latter has been formed as a result
of an adiabatically-shocked blast wave very similar to supernova
explosions.
The spectra of the extended X-ray emission is notably different
to that of DQHer, exhibiting the presence of emission lines from
the Ovii triplet at 0.58 keV, the Ne and Fe complex at 0.9 keV, and
Mgxi at 1.4 keV. The bipolar structure has a plasma temperature
of 2 × 106 K with an X-ray luminosity in the 0.3–5.0 keV energy
range of LX,diff = (2.1 ± 1.3) × 1029 erg s−1. Its electron density
and estimated mass are ne ≈ 2 cm−3 and mX ≈ 3 × 10−6 M ,
respectively.
We propose that the bipolar structure detected with Chandra
and XMM-Newton is a jet. Its non-thermal emission component
strongly supports that it is a a magnetized jet, arising as the result
of the hoop stress mechanism observed in other stellar systems.
Under this scenario the jet would be continuously fed by material
that falls into the accretion disk and is then ejected by the hoop
stress. The S-shape morphology of the jet could then be associated
with the precession of the accreting disk at the core of DQHer or
with erratic jet wobbling.
The capabilities of the up-coming Athena X-ray satellite will
be able to resolve the morphological and spectral components in
DQHer and will help bringing light into the scenario proposed by
the present work.
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